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For  the  protection  of  human  subjects  the  investigator (s)  have  adhered  to 
policies  of  applicable  Federal  law  45CTR46. 

Citations  of  caunercial  organizations  and  trade  names  in  this  report  do  not 
constitute  an  official  Department  of  the  Any  endorsement  or  approval  of  the 
products  cr  services  of  these  cagrrizafcicrs. 


I.  INTRODUCTION 


Dengue  infections  axe  a  major  cause  of  morbidity  worldwide,  and  hemorrhagic 
fever  and  shock  are  very  severe  and  frequently  fatal  complications  of  dengue 
infections  (1) .  These  applications  axe  nose  ocnmonly  observed  in  individuals 
undergoing  a  secondary  dengue  infection  with  a  different  dengue  serotype  than 
they  experienced  as  their  primary  infection  (2) .  It  has  been  speculated  that 
dengue  hemorrhagic  fever  (CHF)  and  dengue  shock  syndrome  (DSS)  are  mediated  by 
host  immune  mechanisms. 

We  haive  begun  to  define  the  role  of  dengue-specific  T  lymphocytes  in  the 
pathogenesis  of  CHF/DSS.  TO  address  this  question  we  established  dengue- 
specific  7  cell  clones.  In  this  report  we  describe  the  characteristics  of 
these  clones.  They  have  CD3+,  CD4+,  CD6"  phenotypes  and  respond  to  four 
serotypes  of  dengue  antigens  with  the  highest  response  to  dengue  3  antigen. 

They  produce  IFN  y  after  stimulation  with  dengue  antigens.  The  UN  y  produced 
augments  dengue  virus  infection  of  human  monocytes  and  monocytic  oells  in  the 
presence  of  anti-dengue  antibody. 

II.  KESUHTS 

A.  Demue  virus-specific  T  cell  responses  in  bulk  culture 

A-l.  Proliferative  responses  of  PEMC  from  denaue-imnune  donors  induced  by 
dengue  antigens 

We  attempted  to  induce  dengue  antigen-specific  proliferative  responses  of 
lyirphocyte8.  Sonicated,  dengue-infected  Veto  cells  were  used  as  dengue 
antigens.  PEMC  from  a  dengue  antibody-positive  donor  were  cultured  with  dengue 
or  control  antigens  diluted  at  various  concentrations,  and  3H-TdR  incorpora¬ 
tion  was  examined.  Dengue  antigens  induced  significant  proliferative  responses 
of  PEMC,  and  there  was  a  good  correlation  between  the  level  of  the  prolifera¬ 
tive  responses  and  the  concentration  of  dengue  antigens  (Figure  1) .  Control 
antigen  did  not  induce  significant  proliferative  responses.  A  time  course 
study  shewed  that  the  proliferative  responses  reached  maximum  levels  on  day  6 
(data  not  presented) . 

The  results  shown  in  Figure  2  illustrate  the  proliferative  responses  of 
PEMC  obtained  from  eleven  Thai  donors  and  two  American  donors  who  were  known  to 
have  previously  been  infected  with  dengue  virus.  The  PEMC  from  these  donors 
shewed  significant  proliferative  responses  induced  by  dengue  antigens  (8/9  with 
dengue  l  Ag;  10/13  with  dengue  2  Ag;  5/7  with  dengue  3  Ag;  5/7  with  dengue  4 
Ag) .  The  PEMC  from  Massachusetts  blood  bank  donors  did  not  significantly 
proliferate  in  response  to  dengue  antigens.  The  failure  of  PEMC  of  seme  Thai 
donors  to  respond  to  certain  dengue  antigens  may  be  due  in  part  to  the  fact 
that  FBMC  were  derived  free  healthy  adults,  and  dengue  infections  are  most 
oamten  during  childhood.  Table  1  contains  a  sunraary  of  the  positive  prolifera¬ 
tive  responses  induced  by  dengue  antigens  using  PEMC  from  Thai  and  American 
donors.  These  results  indicate  that  antigens  of  the  four  dengue  serotypes  can 
induce  proliferative  responses  using  PEMC  from  dengue  antibody-positive  donors. 
Neither  dengue  antigens  nor  control  antigen^  induced  significant  proliferative 
responses  of  PEMC  from  non-umune  donors. 
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Figure  1:  Proliferative  responses  of 
dengue- imams  PBMC  to  dengue  Ag. 

2  x  10s  PBMC  from  an  American  donor 
who  had  been  infected  with  dengue  3 
virus  ware  cultured  with  dengue  3  Ag 
or  control  vero  Ag  at  various  dilutions 
for  6  days.  Cells  were  pulsed  with 
1.25  uCi  3H-rMR  for  8  hours  before 
being  harvested.  O :  Proliferative 
responses  induced  by  dengue  3 
antigen.  • :  Proliferative  responses 
induced  by  control  antigen. 


Figure  2:  Proliferative  responses  of 
PBMC  from  eleven  Thai  and  two  American 
antibody-positive  donors.  4  x  105  PBMC 
were  cultured  with  dengue  and  control 
Vero  antigens  duluted  at  1:30  for  6  days. 
Cells  were  pulsed  with  1.25  uCi  %-tdR 
for  8  hours  before  harvest.  Results 
were  expressed  as  stimulation  index 
which  was  calculated  as  follows:  mean 
OH  induced  by  dengue  Ag/taean  CFM 
induced  by  control  Ag.  Stimulation 
indices  greater  than  2  were  considered 
as  positive  proliferative  responses. 

D:  Dengue-immune  donors.  N:  Ncn-imnune 
donors. 
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Table  is  A  sunnary  of  the  proliferative  responses  of  PEMC  from  dengue 
immune  donors  to  derr*ue  antigens.* 


No.  of 
donors 


.  pen^ianmsfa- 

■iH-'MR  inoorDor 


R_  incorporation 
Stimulation 

Index  c.p.m. 


_ _  won-iaww _ 

3fcl^-in»?9nx?gati<y 
No.  of  Stimulation 
donors  Index  c.p.mu 


Dengue  1 

8 

7.4 

(2.8-15.7) 

9011 

(1018-19343) 

6 

1.0 

(0.5-2. 0) 

664 

(142-2357) 

Dengue  2 

10 

7.5 

(2,2-19.5) 

4644 

(1019-10872) 

9 

1.1 

(0.6-1. 4) 

1038 

(93-2897) 

Dengue  3 

5 

6.6 

(2. 1-9.9) 

6005 

(1706-13762) 

7 

1.1 

(0.7-1. 9) 

732 

(158-1975) 

Dengue  4 

5 

8.2 

(2.4-21.5) 

7936 

(2153-17178) 

5 

1.3 

(0.8-1. 8) 

611 

(185-1275) 

Oontxol  Ag 

11 

— 

1046 

(68-4033) 

9 

- 

783 

(261-2172) 

No  Ag 

11 

630 

(69-1980) 

9 

** 

529 

(95-1723) 

a4  x  105  PEMC  were  cultured  for  6  days  with  dengue  or  control  diluted  at 
1:30.  Oells  were  pulsed  with  1.25  uCi  Sjl-TdR  for  8  hours  before  harvest. 
Results  are  presented  as  averages. 


^The  responses  of  PEMC  of  dengue- immune  donors  who  had  a  stimulation  index  of 
greater  than  two  with  each  of  the  four  dengue  antigens  are  included.  The 
stimulation  index  was  calculated  fron  mean  CEM  induced  by  dengue  Ag/mean  cm 
induced  by  control  Ag.  Quadruplicate  samples  were  used. 


A-2.  Peteytisn.Qf  IRtL  in  .tte.cyl.ture  fluids,  gf  FEMC  stimulated  with  ..dengug 

antigens 


We  examined  the  culture  fluids  oX  r£MC  stimulated  with  dengue  antigens  for 
IFN  using  ELISA  with  monoclonal  antibodies  to  human  IFN  3  and  * .  IFN/  was 
detected  at  high  titer  in  the  culture  fluids  of  PEMC  from  dengue-immune  donors 
stimulated  with  dengue  antigens  (p<0.02  compared  to  the  amount  of  IFN  /  detected 
in  cultures  of  PEMC  from  non-immune  donors) ,  but  not  in  the  culture  fluids  of 
PEMC  stimulated  with  control  antigen  or  cultured  alone  (Table  2) .  IFN  *  was  not 
detected  in  the  culture  fluid  of  PEMC  after  stimulation  with  dengue  or  control 
antigen  (data  not  presented) .  The  culture  fluids  of  PEMC  from  antibody¬ 
negative  donors  stimulated  with  dengue  antigens  did  not  contain  significant 
titers  of  IFNs.  These  results  indicate  that  dengue- immune  PEMC  produce  high 
titers  of  IFN  /  after  stimulation  with  dengue  antigens,  but  do  net  produce  IFN«. 
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IFNy  was  detected  at  lew  titers  in  the  culture  fluids  of  PEHC  from  sane  donors 
cultured  without  antigens.  It  has  been  reported  that  PEMC  from  seme  normal 
adults  produce  IFNy  during  in  vitro  culture  without  the  addition  of  specific 
antigens. 


Table  2:  IFNy  production  by  PEHC  from  dengue  antibody-positive  donors 
after  stimulation  with  dengue  antigens.8 


Donors 

IFNy  ftJ/al)fe 

Dengue  1 

Ag 

Dengue  2 
Ag 

Dengue  3 
Ag 

Dengue  4 
Ag 

Control 

Ag 

No  Ag 

Dengue 

antibody-positive 

Tl 

25 

120 

28 

70 

2 

2 

72 

42 

56 

51 

115 

14 

14 

T3 

33 

47 

14 

26 

1 

3 

A1 

32 

43 

61 

38 

3 

3 

Dengue 

l 

! 

Ml 

8 

5 

8 

5 

5 

6 

M2 

3 

11 

4 

3 

2 

3 

M3 

<1 

2 

2 

2 

2 

2 

M4 

<1 

<1 

<1 

<1 

<1 

<1 

a4  x  10s  PEHC  were  cultured  for  6  days  with  dengue  and  control  Ag  diluted  at 
1:30,  Culture  fluids  were  examined  for  IFNy  by  ELISA. 

^Ihe  titers  of  IFN  y  induced  by  der  gue  and  control  antigens  were  compared  by 
Student's  t  test  between  dengue  antibody-positive  and  antibody-negative 
donors.  IFNy  induced  by  dengue  lAg,  pcO.OOl;  by  dengue  2  Ag,  p<0.02;  by 
dengue  3  Ag,  p<0.02;  by  dengue  4  Ag,  p<0.01;  by  control  Ag,  pc>0.2  (not 
significant) ;  without  Ag,  pX).2  (not  significant) . 


B.  ftfflan_T_gell  responses,  to  dengue  viruses  at  a  clonal  level 


B-l. 


ilishnent  of  dengue-^scifiS-T-gell  .clones,  using  a  limiting 
djJLiifcisp  ESlhafl 


We  used  PEHC  from  donor  A  who  was  known  to  be  infected  with  dengue  3  virus 
for  cloning.  Table  3  shews  proliferation  responses  of  donor  A  PEHC  to  dengue 
antigens  in  a  bulk  culture. 
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Table  3:  Proliferative  responses  of  the  PBMC  of  donor  A  to  dengue  antigens 

in  a  bulk  culture 


Antigens 

%-TdR  incorporation  (c.o.m.l 

Donor  B* 

Donor  C** 

Dengue  1 

5128 

15932 

481 

Dengue  2 

6643 

5983 

Dengue  3 

25177 

6772 

682 

Dengue  4 

2883 

4329 

603 

Control 

660 

1065 

460 

No 

707 

1091 

450 

*Donor  B  was  known  to  have  been  infected  with  dengue  1  virus  in  Aruba  in  1985. 
**Donor  C  did  not  have  anti-dengue  antibody. 

4  x  105  PE24C  were  cultural  with  dengue  3  antigen  at  a  final  concentration 
of  1:30  in  0.2  ml  RK-H  containing  10%  human  AB  serum  in  96  well  round-bottom 
plates  for  7  days.  On  day  7,  blast  cells  were  enriched  by  Ficoll-Hypaque 
density  gradient  centrifugation  and  were  cultured  at  concentrations  of  1 
cell/well  with  Y -irradiated  autologous  FEMC  (1  x  105)  in  0.2  ml  KPMI 
containing  10%  human  AB  serum  (UMMC) ,  10%  Ur-2  and  dengue  3  antigen  at  a  final 
dilution  of  1:30  in  96  well  round  batten  plates.  On  day  14,  0.1  ml  of  medium 
was  removed  from  each  well  and  0.1  ml  of  fresh  medium  with  human  AB  serum,  ILr-2 
and  dengue  antigen  was  added  to  maintain  the  same  final  concentrations 
described  above.  On  day  21,  cells  in  wells  demonstrating  growth  were  trans¬ 
ferred  to  48  wall  flat  bottom  plates  (Costar,  Cambridge,  MA)  and  were  further 
cultured  with  1  x  106  Y  -irradiated  autologous  PEMC  in  1  ml  of  RPMI  containing 
10%  human  AB  serum,  10%  IL2,  and  dengue  antigen  at  a  dilution  of  1:30. 

B-2 .  Antigen  specificities  of  the  clones 

Fifteen  clones  were  established  and  were  examined  for  antigen  specificity- 
using  dengue  antigens  of  four  serotypes.  All  the  clones  responded  best  to 
dengue  3  antigen,  and  they  also  responded  to  dengue  1,  2  and  4  antigens  to 
lower  but  significant  levels  (Table  4).  Seme  clones  also  responded  to  yellow 
fever  antigen.  Therefore,  they  are  dengue  virus -specific  and  serotype  cross 
reactive. 


Table  4:  Proliferative  responses  of  human  T  cell  clones 

to  dengue  antigens 


Clones 

^H-TdR  incorporation  (c.p.m.l _ 

Dengue  1 

Dengue  2 

Dengue  3 

Dengue  4 

YF  Control  Ag  No  Ag 

JK3b 

2322 

I960 

4816 

1968 

1226 

398 

200 

0K3C 

2052 

1760 

5482 

1120 

624 

596 

500 

JK3e 

1546 

1630 

2906 

1238 

456 

620 

356 

JK24 

2581 

2205 

13809 

1457 

355 

348 

108 

JK26 

1438 

2078 

2375 

1394 

641 

436 

708 

JK27 

6683 

5711 

11728 

3839 

1880 

827 

650 

JK28 

1949 

2286 

2600 

1681 

788 

684 

633 

JK30 

831 

896 

3246 

721 

276 

112 

218 

JK31 

745 

1269 

7309 

837 

397 

140 

133 

JK32 

1416 

3290 

4102 

2410 

1925 

133 

245 

JK33 

4530 

8152 

12756 

6286 

3070 

1161 

1949 

JK34 

2651 

8457 

9256 

4253 

1910 

480 

1076 

JK35 

3507 

4372 

6260 

5025 

3854 

2403 

1290 

JK36 

1732 

13159 

15055 

7167 

903 

140 

JK37 

4478 

6958 

26892 

5827 

2546 

1223 

&-3.  JEbsag&Bte  «BlYgis.9f...aiB^gQa? 


Phenotypes  of  the  clones  were  examined  using  five  monoclonal  antibodies. 
Table  5  indicates  specificities  of  the  monoclonal  antibodies  used. 

Table  5;  Specificities  of  the  monoclonal  antibodies  against  human  T  cells 


CD3  (anti-Leu4) 

partT 

CD4  (anti-Leu3) 

helper/ inducer 

2H4 

suppressor  inducer 

4B4 

helper  for  Ab  production 

CD8  (anti-Leu2) 

suppressor/cytotoxic 

All  the  clones  had  CD3+,  CD4+  and  Ct*T  phenotypes.  Six  clones  examined 
(JK26,  31,  32,  34,  35,  37)  were  2H4"  4B4+,  and  one  clone  (JK33)  was  2H4"  4B4". 


iMsebtasiia.  production  &L. 


Ihe  clones  were  examined  for  the  production  of  IFN  jr  and  lyirphotoocin  (UT) 
after  stimulation  with  dengue  and  yellow  fever  antigens.  They  produced  high 
titers  of  IFN  y  after  stimulation  of  dengue  3  Ag.  They  also  produced  IFN  y  after 
stimulation  with  dengue  l,  2  and  4  antigens.  The  titers  of  IFN  y  induced  by 
dengue  1,  2  and  4  antigens  were  not  as  high  as  those  induced  by  dengue  3 
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antigen  (Table  6) .  They  did  not  produce  nr  by  the  stimulation  with  specific 
dengue  antigens. 


Table  6:  IENy  production  by  T  cell  clones 
after  stimulation  with  antigens 


■■■■■■■ 

Denoue  l 

YF 

JK3b 

2 

3 

ii 

7 

6 

7 

4 

JK3c 

4 

3 

16 

2 

5 

6 

7 

JK3e 

3 

6 

10 

4 

2 

5 

3 

JK24 

33 

4 

53 

5 

3 

<1 

<1 

JK26 

26 

74 

39 

19 

9 

6 

7 

JK27 

7 

6 

35 

4 

3 

3 

3 

JK28 

13 

14 

13 

6 

2 

1 

<1 

JK30 

1 

3 

15 

3 

<1 

3 

<1 

JK31 

3 

3 

8 

2 

2 

5 

6 

JK32 

12 

23 

18 

11 

6 

3 

3 

JK33 

14 

24 

41 

17 

8 

2 

5 

JK34 

6 

22 

23 

10 

4 

2 

3 

JK35 

17 

33 

51 

21 

10 

<1 

3 

JK36 

2 

15 

18 

7 

2 

3 

<1 

JK37 

3 

7 

53 

23 

4 

4 

4 

B-5.  lysis  of  dengue  virus-infected  autologous  target  cells  by  JK32 


JK32  clone  was  examined  for  cytotoxic  activity  to  dengue  virus-infected 
cells.  We  used  as  target  cells  dengue  2  virus-infected,  Qpste in-Barr  virus 
(EBV)  -transformed  autologous  lynphofolastoid  cells,  uninfected  EBV-transformed 
autologous  lynphcblastoid  cells  and  K562  cells.  JK32  lysed  dengue-infected 
autologous  target  cells,  but  did  not  lyse  uninfected  target  cells  or  K462  cells 
(Table  7) .  Time  course  study  showed  that  significant  lysis  was  detected  at  2 
hairs  of  incubation  and  the  lysis  reached  maximum  levels  at  6  hours  (Table  8) . 

Table  7:  lysis  of  dengue  2-inf ected  autologous  cells  by  JK32 


3  spqqifrjp  .^or 


Effector/Target 

ratio 

Dengue-infected 
autologous  cells 

Uhinfected 
autologous  cells 

K562 

10 

60 

5 

1 

3 

57 

1 

1 

1 

49 

0 

0 

0.3 

28 

0 

0 

a5  x  103  target  cells  were  incubated  with  various  numbers  of  effector  cells 
for  6  hours. 
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U937  cells  were  incubated  with  IOC  U/ml  of  recanbinant  IfW-y  (rlFN-f)  for 
24  hours',  and  then  were  infected  with  dengue  virus  at  a  m.o.i.  of  5  p.f.u./oell 
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in  the  presence  of  anti-dengue  mouse  serum.  Die  percentage  of  dengue  antigen¬ 
positive  cells  was  determined  by  indirect  imrnunofluorescence  staining  24  hours 
after  infection.  Anti-dengue  serum  at  final  dilutions  of  l:  lCp,  io4,  and  lo5 
augmented  infection  of  nontreated  U937  cells,  and  further  augmented  dengue 
virus  infection,  when  U937  cells  were  pretreated  with  rlFN-/  (Figure  3) . 

Normal  incuse  serum  which  did  not  contain  detectable  levels  of  anti-dengue 
antibody  did  not  augment  dengue  virus  infection  of  the  nontreated  or  the  IFN-Y 
treated  U937  cells  (data  not  presented) .  Based  on  these  results,  we  decided  to 
use  anti-dengue  serum  at  a  final  dilution  of  1:104  in  the  following 
experiments. 


Figure  3:  Effect  of  dilution  of  anti-dengue  serum  on  dengue  virus  infection  of 
U937  cells.  U937  cells  were  incubated  with  or  without  100  Uml  of  rIFN-Y  for  24 
hours,  and  infected  with  dengue  virus  at  a  m.o.i.  of  5  p.f.u./ml  in  the 
presence  of  variable  dilutions  of  anti-dengue  incuse  serum.  The  percentage  of 
dengue  antigen-positive  cells  was  determined  by  indirect  immunofluorescence 
staining  24  hours  after  infection.  O :  U937  cells  pretreated  with  rIFN-Y  . 

#  :  Nontreated  U937  cells. 


U937  cells  were  incubated  with  variable  amounts  of  rIFN-Y  for  24  hours,  and 
infected  with  dengue  virus  at  a  m.o.i.  of  5  p.f.u./cell  in  the  presence  of  the 
anti-dengue  mouse  serum  at  a  final  dilution  of  1:104.  Pretreatment  of  U937 
cells  with  rIFN-y  at  concentrations  from  1  to  10,000  U/ral  increased  the 
percentage  of  dengue  antigen-positive  cells.  The  percentage  of  antigen¬ 
positive  cells  reached  a  maximum  level  by  pretreatment  with  IFN-Y  at  100  U/ml 
(Figure  4) .  When  U937  cells  were  infected  with  dengue  virus  in  the  absence  of 
anti-dengue  antibody,  pretreatmant  with  rlFN-y  did  not  increase  the  percentage 
of  antigen-positive  cells  (1-3%  without  rIFN  /-treatment  and  1-4%  with  rlFNY- 
treatment) .  Pretreatmant  of  U937  cells  with  1-1000  U/ml  of  rIFN-y  also 
increased  dengue  virus  titers  detected  in  the  culture  fluids  when  cells  were 
infected  with  virus  in  the  presence  of  antibody,  but  not  when  cells  were 
infected  in  the  absence  of  antibody  (Table  10) . 
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Figure  4:  Dengue  vims  infection  of  0937  cells  pretreated  with  IFN-Y.  U937 
cells  were  incubated  with  variable  oonoentratiens  of  IFN-Y  for  24  hours  and 
then  infected  with  dengue  virus-antibody  oerplexes  at  a  m.o.i.  of  5 
p.  f  .u./oell  The  percentage  of  dengue  antigen-positive  aells  was  determined  by 
indirect  imunofluoresoent  staining  24  hours  after  infection. 


Table  10:  Virus  titers  in  the  culture  fluids  of  dengue-infected 
U937  cells  pretreated  with  IFN-ir.a 


mi-Y  (U/ml) 


Infection  in  the  presence 
of  anti-dengue  antibody 


Infection  in  the 
absence  of  antibody 


0 

1 

10 

100 

1000 


5.0  X  103 
4.5  X  104 
6.0  X  104 
9.0  X  104 
1.0  x  105 


3.5  X  102 
4.0  x  102 

6.5  X  102 
7.0  X  102 
6.0  X  102 


.  U937  cells  were  incubated  with  variable  oonoentratiens  of  rIPN-y  for  24 
hours  and  infected  with  dengue  virus  at  a  m.o.i.  of  5  p.f. u./oell  in  the 
presence  of  anti-dengue  mouse  serum  at  final  dilution  of  10~4,  or  in  the 
absence  of  antiserum.  Cells  were  cultured  at  3  x  lC^/ml  in  KFMI  containing 
10%  PCS  for  24  hours.  Dengue  vims  contained  in  the  culture  fluids  was 
titrated  using  a  plaque  titration  assay. 
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UH-y  produced  by  human  lymphocytes  in  vitro  was  used  in  the  foliating 
experiments.  REMC  fran  a  dengue  antibcdy-poeitive  donor  were  cultured  with 
dengue  antigen  for  7  days,  and  the  culture  fluid  collected.  The  culture  fluid 
contained  650  u/ml  of  IFN-y  and  no  detectable  DN-Y  as  determined  by 
radioimmunoassays  specific  for  human  UNy  and  * .  U937  cells  were  incubated  for 
24  hours  with  various  dilutions  of  this  culture  fluid  and  infected  with  dengue 
virus-antibody  ocnplexes.  The  diluted  culture  fluids  from  lynphocytes  of  the 
dengue-immune  donor  that  had  been  stimulated  with  dengue  antigens  and  contained 
10  or  100  U/al  of  UK-?',  augmented  dengue  virus  infection  of  U937  cells  as  well 
as  xeoonbirmnt  IFN-y  (Table  11) . 

Table  11:  Culture  fluid  of  a  dengue- inmune  donor's  PEHC  stimulated  with 
dengue  antigen  augments  dengue  virus  infection  of  U937  cells 


Source  of  UNy  Titer  (U/ml)  Percentage  of  dengue  antigen-positive  cells15 


None  0 

Dengue  culture  fluid3  l 

10 
100 

Reoonbinant  IFN-Y  100 

a  The  FBK  from  a  dengue-antibody  positive  donor  were  cultured  with  dengue 
antigen  for  7  days,  and  culture  fluid  was  collected.  This  culture  fluid, 
which  contained  UN  y  at  a  titer  of  650  U/ml  and  no  detectable  UN-  *  as 
determined  by  RIA,  was  diluted  to  contain  1,  10,  and  100  U/ml  of  miy  for 
pre-treatment  of  U937  cells. 

b  U937  cells  were  incubated  with  rUN-r  or  with  dengue  stimulated  culture 
fluid  for  24  hours,  and  were  infected  with  dengue  virus-antibody  ocnplexes 
at  a  m.o.i.  of  5  p.f.u./oell.  The  percentage  of  dengue  antigen-positive 
cells  was  determined  by  indirect  inmunofluoresoenoe  24  hours  after 
infection.  The  percentage  of  antigen  positive  cells  was  compared  between 
IFN-r  pretreated  cells  and  na  (treated  cells. 

*  p>0.05  (not  significant) 

**  p<0.01 

***  p<0.C01 


C-3.  Anti-IFN-T  antibody  inhibits  IF^-r -induced  augmentation  of  dengue  virus 
infections 

To  confirm  that  the  UK-  r  contained  in  the  culture  fluid  is  responsible  for 
the  augmented  dengue  virus  infection  shown  in  Table  11,  culture  fluid  which 
contained  10  U/ml  of  IFN-  y  was  incubated  with  a  monoclonal  anti-UK-  Y  antibody, 
and  then  was  used  to  treat  U937  cells.  Culture  fluid  pretreated  with  an  anti- 
UN-y  antibody  did  not  augment  dengue  virus  infection  but  the  culture  fluid 
pretreated  an  anti-IFN-y  antibody  did  augment  (Table  12) .  We  also  tried  to 


11.5 
13.2' 

21.6 

32.6 

42.6 


hh 

hhh 

hhh 


block  the  effect  of  rIFN-)f  using  a  monoclonal  anti-UN-  Y  antibody  to  confirm 
that  the  rIFN- Y-induoed  augmentation  of  infection  was  due  to  iFN-f,  and  was  not 
due  to  other  substances  derived  from  the  production  of  this  recombinant  UN-/ 
in  £.  Poll  (3) .  0937  pells  were  pretreated  with  10  U/ml  of  rIFN-  Y  which  had 
been  incubated  with  a  monoclcnal  IFN-  Y  antibod/  or  a  polyclonal  anti-UN  * 
antibod/.  An  anti-UN-  Y  antibody  inhibited  the  augmenting  effect  of  r  IFN-Y, 
but  anti-UN*  antibody  had  no  effect  (data  not  presented) .  These  results 
confirm  that  IFN-Y  is  responsible  for  augmentation  of  dengue  virus  infection 
shown  in  Table  11  and  Figures  3  and  4. 

Table  12:  UN-  contained  in  the  culture  fluid  of  FEME  is  responsible 
for  augmenting  dengue  virus  infection  of  U937  cells 


Source  of  IFN-  Y 

Antibodies^0 

Percentage  of 

dengue  antigen-positive  cells0 

Dengue  culture  fluid3 

None 

66.0 

Anti-IFN- Y 

20.5 

Anti-IFN- oc 

59.6 

Control  culture  fluid15 

None 

20.9 

None 

None 

15.0 

Anti-IFN-  i 

16.4 

Anti-IFN-* 

12.1 

a  Dengue  culture  fluid  was  obtained  as  described  in  the  footnote  of  Table  II, 


and  was  diluted  to  contain  10  U/ml  of  UN-/, 
b  PEMC  of  the  same  donor  were  cultured  with  a  control  antigen  for  7  days,  and 
a  culture  fluid  was  collected.  This  culture  fluid,  which  contained  no 
detectable  IFN-Y  or  DW-d  was  diluted  similarly, 
c  Dengue  culture  fluid  which  contains  IFN-Y  was  diluted  to  10  U/ml  and  was 
then  incubated  with  1000  U/ml  of  monoclonal  anti-IFN-  y  and  2000  U/ml  of 
anti-UN-*  at  4*C  for  2  hours. 

d  U937  cells  were  incubated  with  culture  fluids  for  24  hours,  and  infected 
with  dengue  virus-antibody  ocnplexes  at  a  m.o.i.  of  5  p.f.u./cell.  The 
percentage  of  dengue  antigen-positive  cells  was  determined  by  indirect 
inuunofluoresoent  staining  24  hours  after  infection. 


04.  Human  gamma  globulin  blocks  TFN-Y-induoed  augmentation  of  denoue  virus 

infesfcisD 

It  has  Ixen  reported  that  IFN-Y  increases  For  receptors  on  U937  cells.  We 
tried  to  determine  whether  the  IFN-/- induced  augmentation  of  dengue  virus 
infection  of  Fc^  receptor  medicated.  U937  cells  which  had  been  treated  with 
100  U/ml  r IFN-Y  for  24  hours  wre  incubated  with  Y  -globulin  at  4®C  for  20 
minutes.  Pells  were  then  infected  with  dengue  virus-antibody  complexes. 
Y-glcbulin  inhibited  infection  by  dengue  virus  antibody  complexes  of  U937  cells 
which  were  pretreated  with  IFN-Y,  whereas  bovine  serum  albumin  at  the  same 
concentration  had  no  effect  (Table  13) .  These  results  suggest  that  the  IFN-Y 
induced  augmentation  of  dengue  virus  infection  is  mediated  by  FCf  receptors. 


Table  13:  Inhih1 '-i.cn  of  UN-/  induced  augmentation  of 
dengue,  /irus  infection  by  human  globulin 


Blocking  Reagent 

Percentage  of  dengue  Ao-positive  Pells* 
HN-y  pretreatment  No  IFNy  pretreatment 

100  U/ml _ 

None 

40.8 

11.5 

/-Globulin  (10  mg/ml) 

1.8 

<1.0 

a  U937  calls  which  had  been  treated  with  100  U/ml  of  rEFN-r  for  24  hours  were 
Incubated  with  human  /-globulin  or  bovine  serum  albumin  at  4*C  far  20 
minutes.  Cells  were  infected  with  dengue  virus-antibody  ocnplexes  at  a 
m.o.i.  of  5  p.f.u./oell.  The  percentage  of  dengue  antigen-positive  cells 
was  determined  by  indirect  imunofluoxescenoe  24  hours  after  infection. 

05.  ny-T  does  not  augment  dengue  virus  infection  of  U93?  cells  in  the 
presence  of  F(abM?  fraction  of  euTti-denoue  IgG  antibody 

We  then  used  the  F(ab')2  fraction  of  anti-dengue  IgG,  to  confirm  that  IFN-  f 
-induced  augmentation  of  dengue  virus  infection  is  Fey  receptor-mediated. 
Pretreatment  of  U937  cells  with  IFN-y  did  not  augment  infection  when  cells  were 
infected  with  dengue  virus  in  the  presence  of  F(ab')2  prepared  from  anti-dengue 
IgG,  but  IFN- y-pretreatment  augmented  infection  when  cells  were  infected  with 
virus  in  the  presence  of  purified  anti-dengue  IgG  at  0.1  to  10  pg/ml  (Table 
14) .  This  result  confirms  that  the  HN-Y-induoed  augmentation  of  dengue  virus 
Infection  is  mediated  by  For  receptors  on  U937  cells. 

Table  14:  F(ab')2  prepared  from  anti-dengue  IgG  does  not  augment  dengue 

virus  infection  of  U937  cells  pretreated  with  IFN-Ta 

Final  concentration  Percentage  of  dengue  ant  ioenrPQg  it  ive  -gel  Iff _ 


of  Ig3  and  F(ab')2  gfcX.BIStlSataSlft  K9 

ingMJi _ Isfi _ ECabli2— _ IsG _ riafeDa 


HKW'S| 

BBOtlHj 

fmfiiiiii 

nnnm 

HHH9HHAQ3ii 

a  U937  cells  were  incubated  with  or  without  100  U/ml  of  r IFN- IT  for  24  hours, 
and  infected  with  dengue  virus  at  m.o.i.  of  5  p.f.u./ml  in  the  presence  of 
various  concentrations  of  purified  anti-dengue  IgG  or  F(ab')2  prepared  from 
IgG.  me  percentage  of  dengue  antigen-positive  cells  was  determined  24 
hours  after  infection,  me  percentage  of  antigen  positive  cells  was 
ooopared  between  IFN- Y -pretreated  cells  and  nontreated  cells  at  same 
concentrations  of  IgG  and  F(ab')?. 

*  p<0.001; 

**  p<0 . 005 ;  p>0.05  (not  significant)  at  other  concentrations  of  IgG  and  all 
the  concentrations  of  F(ab')2. 
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06.  Augmentation  of  dengue  virus  Infection  correlates,  with  increase  in.-tte 
iaateaLfit  hsixjssss&sss 

We  tried  to  determine  whether  there  is  a  correlation  between  the  number  of 
Pcjr  receptors  and  the  percentage  of  dengue  antigen-positive  cells.  U937  cells 
were  incubated  with  variable  concentrations  of  IFN-y  for  24  hours,  and  examined 
far  Per  receptor  expression  by  quantitative  FACS -analysis  after  exposure  to  MAb 
32  which  is  specific  for  human  FcjRl.  The  percentage  cf  antigen  positive  cells 
was  determined  24  hours  after  infection.  The  results  shown  in  Figure  5 
demonstrate  that  there  is  a  good  correlation  between  the  percentage  of  dengue 
antigen-positive  cells  and  the  natber  of  Pcy  reoeptors. 


Cone  of  rN-1  (LVmt) 

Figure  5:  Correlation  between  HN-f  increased  Fc,  reoeptors  and  dengue  virus 
infection.  U937  oells  were  incubated  with  variable  titers  of  IFN-r  for  24 
hours.  Oells  were  infected  with  dengue  virus-antibody  oerplexes  at  a  m.o.i.  of 
5  p.f.u./oell.  The  percentage  of  dengue  antigen-positive  cells  was  determined 
by  indirect  imrunofluoxesoent  staining  24  hours  after  infection.  The  relative 
numbers  of  Fey  receptors  was  measured  by  quantitative  FACS-analysis. 


07,  Augmentation  of  dengue  virus  infection  of  human  monocytes  by  IFNy 

produced  by  Fate  response,  ta  <fenqre.anUqsn 

We  tried  to  determine  whether  the  culture  fluids  of  PBMC  stimulated  with 
dengue  antigen  could  augment  dengue  virus  infection  of  human  monocytes. 

Culture  fluids  were  obtained  from  dengue-immune  PBMC  after  stimulation  with 
dengue  antigen,  and  they  were  then  diluted  to  contain  3  U/ml  of  IFN.  culture 
fluids  of  the  same  dengue- immune  PEMC  that  had  been  exposed  to  control  antigen 
were  similarly  diluted.  Human  monocytes  were  exposed  to  these  culture  fluids 
for  24  hours.  They  were  then  washed  and  infected  with  dengue  virus-antibody 
complexes,  a  similar  percent  of  the  monocytes  cultured  without  addition  of 
culture  fluids  from  PBMC  and  those  that  were  treated  with  the  culture  fluid 
from  dengue-imaune  PEMC  that  had  been  exposed  to  control  antigen  became 
infected  and  expressed  dengue  antigens;  however,  an  increased  number  of  the  . 
monocytes  treated  with  diluted  culture  fluids  from  dengue- irtiune  PBMC  that  had 
been  exposed  to  dengue  antigen  and  contained  3  U/ml  of  IFNy  had  dengue  viral 
antigens  (Table  15,  p<0.001  in  Exp.  1  and  p<0.01  in  Exp.  2).  This  augmenting 
effect  of  dengue  antigen-stimulated  culture  fluid  was  abrogated  by  anti-IFNy 
antibody,  but  not  by  anti-IFNoi  antibody  (data  not  presented) . 
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Table  15:  Augmentation  of  dengue  virus  infection  of  human  monocytes 
by  EFN  y  produced  by  PEMC  in  recpcnse  to  dengue  antigen 


Treatment  of  nmocytee^ 

None  (REM  containing  10%  PCS) 
Diluted  culture  fluid  of  PEMC 
stimulated  with  dengue  antigen 
Diluted  culture  fluid  of  PEMC 
stiflulation  .with  control  antigen 

22%  (64/286) 

37%  (99/265)* 

24%  H5/310** 

5%  (15/274) 

12%  (38/325)*** 

_ 5%  £14/301)**** 

antigen  were  diluted  to  certain  3  ll/ml  of  UNy,  and  culture  fluids  of  the  same 
PEMC  exposed  to  control  antigen,  vhieh  did  not  contain  detectable  levels  of  IFHf 
,  were  diluted  similarly.  /  After  treatment  with  these  fluids  for  24  hours, 
human  monocytes  were  infected  with  dengue  virus  type  2  at  a  m.o.i.  of  10 
p.f.u./cell  in  the  presence  of  anti-dengue  2  mouse  serum  diluted  at  1:10000. 

The  percentage  of  monocytes  infected  with  dengue  virus  was  determined  24  hours 
after  infection  by  indirect  immunofluorescence. 


The  percentage  of  dengue  anti-positive  monocytes  precreated  with  culture  fluids 
of  FBMC  stimulated  with  dengue  antigen  or  control  antigen  were  ooupared  with 
the  percentage  of  dengue  antigen-positive  monocytes  which  was  not  treated  with 
culture  fluid  by  Chi-square  test.  *p<0.001;  **p>0.5  (not  significant); 
***p<0.0l;  ****p>o.7  (not  significant). 


III.  DISCUSSION 

The  role  of  T  lymphocytes  in  recovery  from  dengue  virus  infections  and  in 
the  pathogenesis  of  severe  complications  has  not  been  elucidated.  In  this 
report  we  demonstrated  dengue-specific  T  lymphocyte  proliferative  responses 
with  of  dengue-antibody  positive  humans.  We  used  fixed,  sonicated  dengue 
virus-infected  Vero  cells  as  antigens,  as  previously  reported  with  measles 
virus  (4) ,  because  cell-free  preparations  of  live  dengue  virus  did  not 
stimulate  PEMC  of  dengue-immune  donors  (data  not  presented) .  Proliferative 
responses  induced  by  these  antigens  are  dengue-specific,  because  PEMC  of  dengue 
antibody-positive  donors  respond  to  dengue  antigens  but  not  to  control  antigen, 
and  PEMC  of  antibody-negative  donors  do  not  respond  to  dengue  or  control 
antigens.  Antigens  of  the  four  dengue  serotypes  induced  generally  similar 
levels  of  proliferative  responses  of  PEMC  from  the  Thai  adult  donors.  The 
dengue  infection  histories  of  these  adult  Thai  donors  are  not  known,  but  they 
all  have  high  levels  of  antibodies  to  the  four  dengue  serotypes,  presumably  as 
a  result  of  prior  natural  infections.  The  PEMC  of  an  American  donor  A,  who  had 
been  imunized  with  yellow  fever  vaccine  and  later  became  infected  with  ctengue 
3  virus,  responded  best  to  dengue  3  antigen  but  also  responded  to  dengue  1,  2 
and  4  antigens  to  sane  degree  (Table  3) .  These  results  suggest  that  human  T 
cell  responses  to  primary  dengue  infections  include  both  type-specific  and 
serotype  cross-reactive  responses. 

We  then  established  15  dengue-specific  T  cell  denes  using  donor  A  PEL  to 
further  analyze  human  T  cell  responses  to  dengue  viruses.  All  the  clones 
responded  to  dengue  3  Ag  best,  and  they  also  responded  to  dengue  1,  2  and  4 
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antigens  to  lower  but  significant  levels.  These  results  suggest  that  T  cell 
responses  to  dengue  viruses  are  serotype  cross  reactive  to  varying  degrees 
depending  on  the  clone  at  the  clonal  level.  He  are  defining  the  dengue 
epitopes  which  are  recognized  by  human  t  lymphocytes.  Dengue  virus  has  three 
structural  proteins;  envelope  protein  (E) ,  membrane  protein  (M)  and  capsid 
protein  (C)  (5,6) .  It  also  induces  seven  non-stzuctural  proteins,  nsi,  NS2a, 
NS2b,  NS3,  «S4a,  NS4b  and  NS5  (5,7).  Although  the  role  and  imraLDiogenic 
properties  of  these  ten  proteins  has  not  been  defined,  E  protein  is  thought  to 
contain  epitopes  which  induce  neutralizing  antibody  responses  (8) .  Monoclonal 
antibodies  to  E  protein  protect  mice  frcn  lethal  diengue  infection  (9) . 

Recently,  it  has  been  reported  that  immization  of  nice  with  dengue  2  virus 
MSI  protein  provided  significant  protection  against  lethal  challenge  with 
dengue  2  virus  (10) .  Identification  of  the  epitopes  or  dengue  antigens  which 
are  recognized  by  T  cells  and  may  have  a  role  in  protection  or  in  the 
pathogenesis  of  CHF  and  DSS  is  an  important  area  for  research. 

In  this  report  we  also  demonstrated  that  dengue-specific  CD4+  T  cell  clones 
produce  IFNy  after  stimulation  with  dengue  antigens.  He  examined  the  effect  of 
IFN  y  on  dengue  virus  infection  of  human  monocytic  cells,  and  demonstrated  that 
IFN-y  augments  dengue  virus  infection  of  U937  cells  in  the  presence  of  anti¬ 
dengue  antibodies.  This  effect  is  Per  receptor-mediated,  because  (i)  IFN-  r  has 
no  augmenting  effect  on  the  infection  of  U937  cells  when  cells  were  infected 
with  dengue  virus  in  the  absence  of  anti-dengue  antibody,  (ii)  IFN-  Y  does  not 
augment  dengue  virus  infection  when  cells  were  infected  with  virus  oaxplexed  to 
the  F(ab')2  fraction  prepared  from  anti-dengue  IgG,  (iii)  iFN-y  has  no 
augmenting  effect  when  Per  receptors  on  U937  cells  are  blocked  by  X -globulin, 
and  (iv)  there  is  a  good  correlation  between  the  percentage  of  dengue  antigen¬ 
positive  cells  and  the  number  of  Per  receptors  on  U937  cells.  He  observed  that 
IFNy  increases  the  number  of  Per  receptors  on  U937  cells  as  previously  reported 
by  other  investigators  (.11,12) .  Based  on  these  observations,  we  conclude  that 
the  increase  in  the  number  of  FCy  receptors  on  U937  cells  induced  by  IFN-)' 
leads  to  an  augmented  uptake  of  dengue  virus  in  the  form  of  dengue  virus- 
antibody  oenplexes,  which  results  in  a  higher  percentage  of  dengue  infected 
cells,  and  in  higher  yields  of  infectious  dangue  virus.  IFNy  also  augmented 
dengue  virus  infection  of  human  monocytes  enriched  from  peripheral  blood 
mononuclear  cells,  when  monocytes  were  infected  with  virus  in  the  presence  of 
anti-dengue  antibodies.  IFNy  did  not  augment  dengue  virus  infection  of  human 
monocytes  when  cells  were  infected  in  the  absence  of  antibody  (data  not 
presented) . 

It  has  been  reported  that  HN-*  has  no  or  little  effect  on  the  number  of  Pc 
receptors  on  monocytic  cells  (11,12) .  He  found  that  IFN-o  suppresses  dengue 
virus  infection  of  U937  cells  at  doses  higher  than  l  U/ml  even  when  cells  are 
infected  in  the  presence  of  anti-dengue  antibody  (data  not  presented) .  He 
attribute  this  suppressed  effect  to  the  antiviral  activity  of  IFN~ot.  He 
recently  reported  that  high  levels  of  iFNof  were  produced  by  dengue  virus- 
infected  monocytes  (13)  and  by  ERt,  non-T  lymphocytes  cultured  with  dengue- 
infected  monocytes  (14) ,  furthermore  the  IFN*  produced  was  active  in  limiting 
infection  of  human  monocytes  by  dengue  virus  (13,14) . 

It  has  been  hypothesized  that  increased  infection  of  monocytes  with  dengue 
virus  in  the  form  of  dengue  virus-antibody  complexes  may  occur  in  vivo  and  play 
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an  important  role  in  the  pathogenesis  of  dengue  hemorrhagic  fever/dengue  shock 
syndrome  (EHF/T6S)  (2) .  This  is  supported  by  epidemiological  studies  which 
reported  that  most  cases  of  EHF/D6S  occur  during  secondary  dengue  infections 
when  anti-dengue  antibodies  are  present  (15,16) .  We  have  also  found  that  the  T 
lymphocytes  of  individuals  who  have  antibodies  to  dengue  viruses  proliferate 
and  produce  high  titers  of  IFN-1  after  stimulation  with  dengue  antigene  in 
vitro.  The  UN-l  produced  by  dengue  virus  stimulation  of  immune  t  cells  was 
active  in  augmenting  dengue  virus  infection  of  U937  oells  and  human  monocytes. 
Therefore,  we  hypothesise  that  IFN-y  is  produced  by  dengue-specific  T 
lymphocytes  during  secondary  dengue  infections  after  stimulation  with  conserved 
dengue  antigens  and  the  UN-y  produced  might  contribute  to  the  pathogenesis  of 
EHF/DSS  fay  enhancing  Fey  receptor  expression  on  human  monocytes,  thereby 
increasing  the  number  of  infected  monocytes  and  the  yields  of  infectious  dengue 
virus  in  the  presence  of  anti  dengue  virus-antibodies. 
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